US009100876B2

a2 United States Patent 10) Patent No.: US 9,100,876 B2
Koyanagi et al. 45) Date of Patent: *Aug. 4, 2015
(54) SYNCHRONIZATION SYSTEM AND (52) US.CL
SYNCHRONIZING METHOD FOR CPC ... HO04W 36/0005 (2013.01); HO4W 36/30
PLURALITY OF BASE STATIONS AND (2013.01); HO4W 56/001 (2013.01); HO4W
MOBILE STATION IN A REVERSE LINK 56/0045 (2013.01)
WIRELESS TRANSMISSION (58) Field of Classification Search
: " . . . None
7D ApphcantS:E:ﬁ;{;:ﬁ?’%gﬁ;oglbgo)%ion(s{i)ﬁ SI(J(;sel,ukazu See application file for complete search history.
Tokyo (JP); Nahoko Kuroda, Tokyo (JP) (56) References Cited
(72) Inventors: Kenji Koyanagi, Tokyo (JP); Yoshikazu U.S. PATENT DOCUMENTS
Kakura, Tokyo (JP); Jinsock Lee,
Tokyo (JP); Nahoko Kuroda, Tokyo (JP) 6,438,377 Bl 82002 Savolainen
6,850,501 Bl 2/2005 Sebire
(73) Assignee: NEC CORPORATION, Tokyo (JP) (Continued)
(*) Notice:  Subject to any disclaimer, the term of this FOREIGN PATENT DOCUMENTS
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days. EP 1507422 Al 2/2005
Jp 06-209492 A 7/1994
This patent is subject to a terminal dis- (Continued)
claimer.
OTHER PUBLICATIONS
(21) Appl. No.: 14/300,271 Japanese Office Action dated May 12, 2011 for Patent Application
No. 2007-532106.
(22) Filed: Jun. 10,2014 (Continued)
(65) Prior Publication Data Primary Examiner — John Blanton
US 2014/0307709 Al Oct. 16, 2014 (74) Attorney, Agent, or Firm — Sughrue Mion, PLLC
Related U.S. Application Data (57) ABSTRACT
(63) Ccintmuatlon of application No. 13/544,8131,1.ﬁ111eq on There is provided a wireless communication system which
Jul. ,9’ 2(,)12’ now Pat. ,NO' 8,797,964, which is a can synchronize a mobile station with a destination base
continuation of application No. 11/997,869, filed as station in response to the mobile station determining to switch
application No. PCT/JP2006/316369 on Aug. 22, base stations. Each base station generates synchronization
2006, now Pat. No. 8,243,653. information to synchronize the mobile station with the base
. L L. station from a reverse pilot signal received from the mobile
(30) Foreign Application Priority Data station, generates reverse propagation quality information
from the reverse pilot signal, and generates and transmits a
Aug. 23, 2005 (JP) ................................. 2005-241913 control Signal including the Synchronjzation information and
the reverse propagation quality information. A mobile station
(51) Int.CL generates and transmits a reverse pilot signal, receives a sig-
HO04W 36/00 (2009.01) nal including the control signal from each of the base stations.
HO4W 36/30 (2009.01)
HO4W 56/00 (2009.01) 4 Claims, 20 Drawing Sheets

—-

FORWARD
CONTROL SIGNAL

NSBS




US 9,100,876 B2

Page 2
(56) References Cited WO 02089502 A2 11/2002
WO 2004/056144 Al 7/2004
U.S. PATENT DOCUMENTS WO 2005/018256 Al 2/2005
OTHER PUBLICATIONS

2004/0176147 Al 9/2004
2004/0258020 Al 12/2004
2005/0159158 Al 7/2005

2005/0272426 Al* 12/2005
2008/0049674 Al 2/2008
2008/0051086 A2 2/2008
2009/0207811 Al*  8/2009

Escalante

Hayata

Pardeep et al.

Yang etal. .....cocoevenn 455/436
Cha et al.

Etemad et al.

Zhuetal. ...ccccoovvvnnns 370/332

FOREIGN PATENT DOCUMENTS

JP 09-163432 A
JP 2002-300628 A
JP 2003-143639 A
JP 2003-169368 A
JP 2003-500909 A
JP 2004-511150 A
JP 2005-117310 A
JP 2006-510279 A
WO 02/30142 A2

6/1997
10/2002
5/2003
6/2003
7/2003
4/2004
4/2005
3/2006
4/2002

Non-Final Janapese Office Action issued Sep. 12, 2011 in corre-
sponding Japanese Patent Application No. 2007-532106.

Goto, Y. et al., “Variable Spreading and Chip Repetition Factors
(VSCRF)-CDMA in Reverse Link for Broadbad Packet Wireless
Access”, Feb. 2005, pp. 1-11, vol. E88-B, IEICE Commun.

Office Action, dated Mar. 5, 2013, issued by the Japanese Patent
Office in counterpart Japanese Application No. 2012-061936.
Extended Search Report dated Aug. 2, 2013 issued by the European
Patent Office in counterpart European Application No. 06782873.1.
Office Action dated Aug. 14, 2013 issued by the Japanese Patent
Office in counterpart Japanese Patent Application No. 2012-061936.
“A candidate for three-way handover on USTS”; SK Telecom; 3GPP
TSG RAN WG 2 #21; R2-011190; May 25, 2001; 6 pgs.

“A candidate for three-way handover on USTS”; SK Telecom; 3GPP
TSG RAN WG 2 #21; R2-011305; May 25, 2001; 6 pgs.

“A candidate for three-way handover on USTS”; SK Telecom; TSG
RAN WG3 meeting#21; TSGR3#21(01)1743; May 25, 2001; 6 pgs.

* cited by examiner



U.S. Patent Aug. 4, 2015 Sheet 1 of 20 US 9,100,876 B2

[MOBILE STATION]
( START }

i (S101
MEASURE RECEIVED POWER

' /5102

CALCULATE RECEIVED
POWER DIFFERENCE (D)

— 5 S~~~ 5103
<p POWER THRESH@L{} e, NO
VALUE)

NO

> SET

3106,

S105 )
SWITCH BETWEEN %g@@ggﬁﬁvggggﬁ

BASE STATIONS STATIONS




U.S. Patent

Aug. 4, 2015

Sheet 2 of 20 US 9,100,876 B2

FIG.2

NSBS

e

FORWARD
CONTROL SIGNAL

SBS

NSBS

FIG.3

m—
FORWARD
CONTROL SIGNAL




U.S. Patent Aug. 4, 2015 Sheet 3 of 20 US 9,100,876 B2

FIG.4

————(-
FORWARD NSBS
CONTROL SIGNAL
SBS
H rNG | NSBS

FIG.5

: NSBS

FORWARD
CONTROL SIGNAL




U.S. Patent Aug. 4, 2015 Sheet 4 of 20 US 9,100,876 B2

FIG.6

FORWARD NSBS
CONTROL SIGNAL
SBS
RSy
MS RNC NSBS
FIG.7
sems——-
FORWARD NSBS
CONTROL SIGNAL
SBS (

NSBS




US 9,100,876 B2

Sheet 5 of 20

Aug. 4, 2015

U.S. Patent

| St |
1 2001
| & |
T TTTT T 7 ” 1INA "
| 1 1] ONLVHINGD ;
| LINN DONLLYYINTD | 1| H3OOML _
| NOLLYWYOA4NI i1 |
| SNONOUHONAS A |
§
1IN DNLLLINSNVH1 LINM DNLLYHINTD |
4 VNDIS T“ wNois 00! 0 e "
JOY¥.NOD GUVYMHOA | 7OHLNOD G 1 oGS 1] oMLYy .
omid
9001’ Y AIVND e | 1|10 3SHIAR |
! NOLLYDYdOud ¥ !
| moo —«\)I\ 3SY3IAIY “ | I d
b e —, —————— J

NOILVY.LS 3Sva

/N

A

N\

NOLLVLS
31180NW



U.S. Patent Aug. 4, 2015 Sheet 6 of 20 US 9,100,876 B2

FIG.9

[BASE STATION]

( sTART )

PERIODIC TRIGGER

YES 5202

GENERATE CONTROL SIGNAL
OF ITS OWN BASE STATION

I (5203

TRANSMIT FORWARD
CONTROL SIGNAL

f“
( o )




US 9,100,876 B2

Sheet 7 of 20

Aug. 4, 2015

U.S. Patent

—1"""' G S D GEE G UENL GEND GEUD GEng GHID ST S G G D SENDSEDS G S S J-
]
| 8002 1 1nn oNLLveaNas |
! TYNOIS _
| |_ LINM ONLLYH3NIO | | Lond 3suanm _
_ ._<zo_mm_%mm\mm__ﬁmz<m._. i
I 1
R Ay e I
_ L0022~ |
|
i e | roTesssss=— i ¥ iuhatatahatatedhaidbeb ik
i1 1N
I LINN < LINN
LN NS | 1) | oniwoIias [*fr | onLiovdba [*
NOISSINSNVAL [T 1 [y QNMALL | 1li | NOLLYWHONI
t | |NOISSINSNRL [+ 17—|SNONOYHONAS|* N
3 1 T 5 LINN
L 900¢ i G002 "_ ¥00¢ y  |oNLLVEvd3s
||||||| ] ¥ ' TYNDIS
! 1 200¢~ : TOHINOD
| moomﬂ. { TINA QYVYMHOHS
1l l
[ N | DONILLOVHLX3
I 1NN - NOLLYWHOANI 1002
Rt N e
“ 1T | 3su3Azy [
L Ju

NOLLY.LS JFSON

OL®©Id

NOLLV1S
asva



U.S. Patent Aug. 4, 2015 Sheet 8 of 20 US 9,100,876 B2

FIG.11

[MOBILE STATION]
C START )

SEPARATE FORWARD
CONTROL SIGNAL

! $302

/J
GENERATE REVERSE
TRANSMISSION SIGNAL

' $303

/J
SELECT OPTIMUM
BASE STATION

8301

IS OPTIMUM

BASE STATION DIFFERENT MO
FROM SBS

$305, 5306,
SYNCHRONIZE SYNCHRONIZE
WITH NEW SBS WITH EXISTING SBS

C END )




US 9,100,876 B2

Sheet 9 of 20

Aug. 4, 2015

U.S. Patent

ﬂggiiiggaagiﬂ! AR anonn wane vINDE J000F QODDL K KGO KIOGR. OOOKK KOO0 KRNKR Il 000D SENARR SRS RRRES  \DBEE WABD WABE \SRBD BROE)  BOSD ADGbe OO0 0000 OFKK  OOKKN OO0 AASSS SENEY COBSD ShEnee wDOnonto:
i N ~GLLE
NG e |
| PLUS ongivanas |7 | NGO vRooR | N _
| IYNDIS 4t | SNONOUHONAS i M
m i w LN w
, 1IND 1 NOLLYWMNOINL | |, !
I LI nMiLoTEs] ¢ YD ' IYNDIS TORLINOD |
REEET NN NOLIVIS et | nolivowdoud | |1] NOLLYiS3svd [
m m asvg [ 2 ESVELED S| DNIANSS-NON |
ke 7 m,_l LY oty |
W ¢l LA DNLLVHVGas 6011 § 5N
TYNDIS TOULNOO = NS
NV M NOILY.LS 38v8 b Lomiaas
; I -noN
pd ” fr o o o o e o o -
i LING DNLLUWSNYHEL TWNDIS | R e o s g
NOLLYLS § | TOULNGD QHyMHOS NOLLYLS 35va P o ;
TUEON 7 - £y ung  PEOLL ey
i 80LL iy ONLLYHANSD y
| (388) NOULVLS 35VE LINA DNUVEENED | |1 D NOLEYIREIOONS m
I ONIAHIS ATNO 1011 HIVORIL | SNONCHHDNAS LIND g |
L 40 SSA00H - e e o o L emrmmmrm e | ] ONLLVEYIIS | 1
" TYNDIS LOHd
n 1m0 LINA ISUIATY | 3
NOLLVHO NOLLVLS FSva: R T v NOLLVAHOIN N
kb imuadoupiviioad SR I 111 O 10 |
! (SHSM)NOLLY.S 3SVE i ! ERE R e M
ONATIS-NON AING 40 mmmuﬂm&ii _ Esswhaﬂ.m,mnﬂaﬂuuﬁﬂgﬁ g
: : ooty 120l SNOLLY.LS 38¥8 TV 4
w 1IN DNLLUWSNYYL TYNois] | e NI NOWIHOO SSID0H |
: JOMINGD NOLLYLS 3sve | o o e S ot
M I, -1t e NOLLYLS 3Svél
(865) NOLLYLS /N
25VE DNIAYES

*

NOLLYLS JTHBOR



US 9,100,876 B2

Sheet 10 of 20

Aug. 4, 2015

U.S. Patent

B

f.
Ll 3

NOILYLS ITI9ON OL -
NOLLV1S 3ISvE 43103135
ATMIN 40 NOLLYIWHOANI
SNONOYHONAS LINSNVY.L

oivs’ 1}

SNOILLY.LS 3Svd
N3IIM1L38 HOLIMS

607S’

sl

SES Woud
| NIH3441a NOLLYLS 3Svd
WNI1LAO SI

NOILVLS 3Svd
WNILdO 10313S
[}

LobS’

(SESN) SNOLLVY.LS
3Svd ONIAHIS-NON WOYUA
TYNDIS TOHLNOD JAIZOTY

S8S OL NOILV1S
3Sv4d NMO S11I 40 TTVNDIS
JTOHLNOO SLINSNVYHL SESN

¥ loors

NOILVYLS 30N OL NOLLVIS
3ISvd NMO S 40 TYNDIS
TOMINOD SLINSNVYL SES

b (eops

¢dIDONL
Olaonad

¢NOILVLS TNGON HilM

3Svd NOLLYLS 3Svd
NMO S1ISI_~

HNILYDINNIWNOD (S4S) NOILVLS

NOILYLS 3Svd NMO S11 10
TVYNDIS TOHINOO J1VHINO

LovS’

14VIS

€1 Old




US 9,100,876 B2

Sheet 11 of 20

Aug. 4, 2015

Ws o o ot T . i ot T T ot e
i
i 23 AN LINA 3
' DNILLYHANID WNoIS| |
; L0 3SH3ATY {
i 1INA . m
ONLLYHENTD TYNDIS m
m (NOISSIWSNYHL 35UIATY = R m
bz’ ONLLYHINID TWNDIS | 1
m gnlg~ vivd ASHIATY i
B v e o erme e arve e aus e e oo o e e SO0 D SO e o oo oo o o e oo et wd
7 e o o o o o 7 e o i o ot o o o
; : PN N
; LIND ey LINM ONILOVYIXS Fe—t LN ONLLOWHIXT
DNILLAS DML, Ty | o NOLLYNHOANT P TYNDIS TOMLNGD
W NOISSINSNYHL : : : SNONOUAONAS e GHYMHOA
lporz? 4 P1 £01T 0177
! P LING ONLLOVHAXE
] ;1 MOLLYREOIN
i T NOLLYLS
M W w 1)t ASYE GHLOT1ES
U B

5

NOULY.LS JHEBOR

090 OON 00O DD G YR R e UG G RSN TRs SO0 OOGL oo WSS GOSI GOAD ARA SAKN GUSER KRR OGO\ 0000 400ME \ennc ARKAR KRREN

b s e o e o s e s s e v e

/N

N

U.S. Patent

NOLLYLS JSvd
ONIAMES



U.S. Patent Aug. 4, 2015

Sheet 12 of 20

US 9,100,876 B2

[MOBILE STATION]

( start )

|

{85@1

SEPARATE FORWARD
CONTROL SIGNAL

é

5502

GENERATE REVERSE

TRANSMISSION SIGNAL

IS BASE

-

Sb04,

SYNCHRONIZE
WITH NEW SBS

T NO
" CHANGED? "

Sﬁ@ﬁ}

SYNCHRONIZE
WITH EXISTING SBS

( END )




US 9,100,876 B2

Sheet 13 of 20

Aug. 4, 2015

U.S. Patent

AN
e

NOLLYLS
FNGOH

ZAN
<

NOLLYLS
FHION

g oo oo o o o e o e s o e o s o e o

W T |

SNLLIIASNYH L TYNDIS i

1 IOMLINGD GHYMYOS a._ 3

M i s0z1 :

ST . m

P i DNHYANGD 1

{ | OHSTHHL i

m 8021 w

LN ONHOLMS | "

o BRSNS ooy — e m

wmm@wm mm%me ...w ] NOLLYWHOINI [ g

ATND 40 $5300ud | | _ounon s NS |, )
907} | AL B O

! i SNLLWHENED y TYNDIS LO ]

TG b NS £0Z1 EITET R T I

DNILVHENTD w n AT TOUINGD Lo LN T |

HIDOBIL - o MNOLLYLS ISVE %%WMMMWWW 10é1 m

LOZ1, i yoTY ALIVID e :

(T3 i NOLLYDVdON g

suLmshval 11 2SU3ASY 3

WNDIS TOHINDD
NOLLYAS 35va M m ZozV SNOLLYLS 35Y8 TV |
3 § D e e e o e e s e o e o N NOWWOD SS300U,

MOLLY LS 38YH

/N

e

NQILY LS
FUBOW



U.S. Patent Aug. 4, 2015 Sheet 14 of 20 US 9,100,876 B2

FIG.17

[BASE STATION]
( sarr

GENERATE FORWARD CONTROL
SIGNAL OF [TS OWN BASE STATION

(5601

e IS TS OWN e

BASE STATION BASE

e STATION (SBS) COMMUNICATING s
WITH THE MOBILE STATION

5603
PERIODIC S, MO
~e TRIGGER?

TVEs 5604

I YES

TRANSMIT F@RWARS CONTROL
SIGNAL OF ITS OWN BASE
STATION TO MOBILE STATION

PROPAGATION QuALETY >

TRANSMIT FGRWARQ CONTROL
SIGNAL OF ITS OWN BASE
STATION TO MOBILE STATION

( ewn )




US 9,100,876 B2

Sheet 15 of 20

Aug. 4, 2015

U.S. Patent

m LING
DNLLYYINTD TYNDIS
1O 35H3ATY
4
LING ONLLYHENTD LO¢e
TYNDIS FNIATY LN
< ONLLYHINID TYNDIS
7 VivQ ISHIAZY
8022 7
8027¢
,mm,ﬁ 2 1IN DNLL o
ONLLLIS DNIALL : zoﬁmﬁmwwmw S
MOISSINSNYML 1, m. SOONOMHDNAS 1 w
3
077 022" A o
v t [DNLLYUYCTIS YNOIS e
- LNRONLLOVELE [ OHINGD QUYMHOA
LIND ONLLOITES | ¢ 1 NoLLYISOENT ALTVDD 1
NOLLVAIS J8VE | | NOLLYDYAOUd ISHIARY | t0ce
im. | ”
2022 2022
NOLLY.LS THEOW
NOLLVLS
zmm«w@ﬁ I8Ya



U.S. Patent Aug. 4, 2015 Sheet 16 of 20 US 9,100,876 B2

C START }
l

SERPARATE FORWARD
CONTROL SIGNAL

I (S702

GENERATE REVERSE
TRANSMISSION SIGNAL

! (5703

SELECT OPTIMUM
BASE STATION

(S701

s OPTIMUM. ~ NO
BASE STATION E}EFFERENT
~~__FROM SBS? _—

S705) | $706
SYNCHRONIZE SYNCHRONIZE
WITH i‘éﬁw SBS WITH EXISTING SBS
$707,

TRANSMIT REVERSE
TRANSMISSION SIGNAL

l
( e )




US 9,100,876 B2

Sheet 17 of 20

Aug. 4, 2015

U.S. Patent

Tty g gy rmsanm——
N e toM L 1ND DNIABO3Y
AR IR p it i e o R
NI TYNDIS letd :
D] | T0MINGD Cuvinioa |- 2 | SMONOHHONAS o] oNIAUHS-NON w
) eieLe J g
i 5 ' ZLEL : (SESN)
PP _E LINA DNLLYHYJ35 i NOLLYLS
{ TYNDIS TOHINOD ; SNIAMIS
| L1gi~] NOLYLS 35vE m NI
\ N b1 60gl, INA ONLLYEYEES L)
/. ! NOLLYWHOSNT 1S3nD 1™
m LIND DNLLUIWSNYYL 8081, ;
-~ | TYNDIS 10MINDD e [ 7 :
NOLLYLS i OuYiE0d NOLLYLE 38vE gLed 8 \\//
Iygon | ! 1IN g
| (S89) NOLVLS b LU VR INGD HIDOML i
;  H8vH DNIANES ! "
LAWO A0 SBAAOUD I I I I e e e e e o e 2 e - NOLLYLS
LNA DNIHOLIMS oo i o s s -y | 7 11EOK
NOLLVEIHO NOLLYLS 35va-90E1L m m
Y I N y : A %ﬁ@mmzmw @z%%mw%m w
§ ]
| asva ONASEENON || /T HyRbIs doiNoo | NOLLYASOIN o~ TWNBIS 10ty
g ATING 40 883300Hd M fe) | NOUY {8 FeYn mmmazomxozww 2SHIATY m
£ LING ONLLIASNYHL [ ) i B 2 LI
L | yNoIS TONLNOO w o SOEL v0EL boer
w i NOLVIS3SvE || W s TN N
o o o o e e ONLLLINSNYHL TYNDIS le— oNILVEINID NDiS | |
(3883) [oet’ w LOId GYYMNOA Lo7id ghiymyos |
N g® 7081 SNOLLYLS 3SvE TV T
DNILSDE e s o e ok Bl VGPHANOD SSIDOUL e e e e e e
NOUYLS JsvE MV
Hoitvis TNLON NOLLY.LS STHEOW



US 9,100,876 B2

Sheet 18 of 20

Aug. 4, 2015

U.S. Patent

02

NOLLYLS 38v8 31L53N03d
0L GNIGNCSIHE00 NOLLYI
-CANT TOUINGD LINSNYHL

MM {808%
S3A

GNOLLY LS
~ TTEON WOHL
mm}mmmmm zmﬁ«&mcmzm

hwmm.w@wm mw -]
" L08S

]

|

(SHSN) NOLLYLS
A5VH ONIAHES-NON WOdd
TYNDIS TOHINOD 3AIS03Y

SES OLNOLYIS

38YE NAD SLE 30 TYNDIS

TOUANOD LIASNVHL

'+ (gogs

P
o

NOILYLS JHEOW OL
NOLLYLS 3SVE NMO S 40
J<zmww ;m@m.wzaa LIASNYML

508S’

mmwmmmﬁ Qm@mw&

.wmww

INGTTY LS THEOH LM
aw,m,ém%%oo (585) NOLLVAS~
ISV NOYIS Jove -
oSS~
mmmw

NOLLYLS 38vE NMO 511 40
TYNDIS .mom,m,zoww FLVHINTD

1088’

P lepss

~ON




US 9,100,876 B2

Sheet 19 of 20

Aug. 4, 2015

U.S. Patent

LINM DNLIVHENTD | 5109

YNDIS Lo 35uaATY
e
™ LINA DNUYHENGD b g7
¢ M.MNM "IYNDIS YLVE 38H3IATY
HNADNLONEEESL | Lin oL vavaas
SICOT RIYMEOL Qmﬁﬁm&m&m
k:
. 6087 808z’
AINT DNLLLIS DNIALL - — “
NOISSTASNYHL o v ] NN DNLLVHYAS
s DMUOVILXE 1 | TvNDIS TOMINGS |
A SONOBHOMAS ol
i DIGORIE-NON 1T
oz 5087, togz’ soe2’
ot UMD ONLLYWILSS N
NORAS AINQ ONILOZNIS | ALTTYND LINT DNLLYHYVAES
7] GHYMHOS  fer] 107Id QHYMRIOZ
Y087 £0EZ, - z0Ez’ L0857
LINN DHLLUASNYHYL LN DNBIYANOD 1
NOLLYWHOHNI 1S3N03y TIOHS3MHL
ey NOLLYLS TUEOW

NOLLYLS
38vy

NOLLYLS
38vE



US 9,100,876 B2

Sheet 20 of 20

Aug. 4, 2015

U.S. Patent

TYHDIS NOISSIASNYHL
ISHIATY LINSNYHL

m + lYiss
ST
T i Bt e
' O16S b {go6s

NOLLYLS 3SYE WNNLLL0 107138
3
106G 1
336t MO 3 YRS
oo ..Mom.w.z OHYMEd JAIEOT
9065 I

SHE WO WA OHSIHHL S0330X3
ALTTYND NOLEYDYAOMD GHYMEOD HOHM
MOLLYIS 233VE Ol DMIONOJDSINN0D
TYHOIS TOEINGD ﬁm%ﬁma& L83N03

508S’

< mzm 1SV 1Y wzmmzo%mmmmu |

T BTIVA -
T OHS T - I hAd NOLLY.S™

%ﬁmﬁ zcﬁﬁwﬁmﬂm& >
%ﬁm@m mm@ﬁ -~

wamm
TYNBIS TOULNOD
mmdﬁmﬁ% LI30RE IAIZ0E
£06s 7 3
ALTIOD NOLLYDYEOUd
YMHOE JIYNILST
z065° ,
TYNDIS MOISSINSHNYHL
mmmm\ﬁﬁ Z1YH3ENGD
1065 t




US 9,100,876 B2

1
SYNCHRONIZATION SYSTEM AND
SYNCHRONIZING METHOD FOR
PLURALITY OF BASE STATIONS AND
MOBILE STATION IN A REVERSE LINK
WIRELESS TRANSMISSION

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Continuation of U.S. application Ser.
No. 13/544,813 filed Jul. 9, 2012, which is a Continuation of
U.S. application Ser. No. 11/997.869 filed Feb. 4, 2008 which
is a 371 of PCT/JP2006/316369 filed Aug. 22, 2006, which
claims benefit of Japanese Application No. 2005-241913
filed Aug. 23, 2005, the disclosures of which are incorporated
herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to synchronization between a
plurality of base stations and a mobile station in a wireless
communication system using a wireless transmission method
which requires synchronization between users in base station
cells.

BACKGROUND ART

In a conventional wireless communication system consti-
tuted by a plurality of base stations, a technique referred to as
handover is used (For example, see Patent Document 1). In a
conventional handover method, a mobile station measures
received powers of signals received from the plurality of base
stations. On the basis of the measurement results, a first base
station providing a maximum received-power to the mobile
station and a second base station providing the second highest
received-power to the mobile station are selected. A condition
is used as a trigger which causes the mobile station to switch
the base station. The condition is that a received-power dif-
ference between the first and second base stations is smaller
than a preset threshold value and time at which the difference
is smaller than the threshold value is equal to or longer than
set time set in advance. As a result, the mobile station can
maintain high communication quality by switching between
the base stations with reference to the received-power differ-
ence. Furthermore, only when the time at which the received-
power difference is smaller than the threshold value is equal
to or longer than the set time, the mobile station switches
between the base stations. Therefore, a system load caused by
switching between the base stations can be reduced.

A conventional handover process will be described below
with reference to the flow chart shown in FIG. 1. First, for-
ward (downward) pilot signals are received from first to Nth
base stations from which a mobile station receives signals,
forward propagation quality is measured (step S101). Next, a
power difference between the first base station having the
maximum received-power and the base station having the
second highest received-power is calculated (step S102).

When the received-power difference between the first and
second base stations is smaller than the threshold value set in
advance (step S103), and it is determined that time at which
the difference is smaller than the threshold value is equal to or
longer than the set time set in advance (step S104), switching
between the base stations is carried out (step S105).

On the other hand, a wireless transmission method which
requires synchronization between users of base stations
includes a method which performs synchronization by using
Cyclic Prefixes to control a timing error between the users

20

25

30

40

45

2

within a Cyclic Prefix so as to prevent interference between

the users (For example, see Non-patent Document 1).

Patent Document 1: Japanese Patent Application National
Publication (Laid-Open) No. 2003-500909

Non-patent Document 1: Variable Spreading and Chip Rep-
etition Factors (VSCRF)-CDMA in Reverse Link for
Broadband Packet Wireless Access, Y Goto, T Kawamura,
H Atarashi, M Sawahashi, IEICE Commun., VOL. E88-B,
NO. 2 Feb. 2005

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

However, when a conventional handover method is applied
to a wireless communication system using a wireless trans-
mission method which requires synchronization between
users in base station cells, delay occurs to obtain new syn-
chronization in a non-serving base station serving as a han-
dover destination. Furthermore, since a mobile station is syn-
chronized with only a serving base station serving as a
handover source, an error may be generated in measurement
of forward link receiving quality from the non-serving base
station or reverse link receiving quality in the non-serving
base station.

Therefore, it is an object of the present invention to provide
a wireless communication system and method using a wire-
less transmission method which requires synchronization
between users in base station cells, wherein a mobile station
can be synchronized with a switched base station the moment
it is determined to switch base stations.

Means for Solving the Problem

In order to solve the above problem, the present invention
provides a wireless communication system constituted by a
plurality of base stations and a mobile station, wherein each
of the base stations includes: means for generating synchro-
nization information to synchronize the mobile station with
the base station from a reverse pilot signal received from the
mobile station; means for generating reverse propagation
quality information from the reverse pilot signal; and means
for generating a forward control signal including the synchro-
nization information and reverse propagation quality infor-
mation and transmitting, and the mobile station includes:
means for generating and transmitting the reverse pilot signal;
means for receiving a signal including the forward control
signal from each of the base stations; means for extracting a
reverse propagation quality and the synchronization informa-
tion with the base station, from the received forward control
signal; means for selecting an optimum base station as a new
serving base station from the received reverse propagation
quality; and means for changing a transmission timing of the
reverse pilot signal to a transmission timing based on the
synchronization information extracted from the forward con-
trol signal of the selected base station and transmitting when
the selected base station is different from the serving base
station.

With the above configuration, the serving base station and
the non-serving base station estimate reception timings of a
reverse link on the base of the reverse pilot signal and calcu-
late information used to cause the mobile station to be syn-
chronized with the base stations to notify the mobile station of
the information. The moment the mobile station determines
to switches the base station, the mobile station can be syn-
chronized with the destination base station on the basis of the
notification information.
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Effect of the Invention

According to the present invention, the serving base station
and the non-serving base station estimate reception timings of
a reverse link on the base of the reverse pilot signal and
calculate information used to cause the mobile station to be
synchronized with the base stations to notify the mobile sta-
tion of the information. The moment the mobile station deter-
mines to switches the base station, the mobile station can be
synchronized with the destination base station on the basis of
the notification information. Furthermore, the mobile station
can transmits a reverse link pilot signal used when the mobile
station is synchronized with the serving base station by using
the notification information. As a result, even in the non-
serving base station, reverse link receiving quality can be
estimated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart showing a process of a conventional
mobile station;

FIG. 2 is an explanatory diagram for a case in which all
base stations transmit forward control signals to a mobile
station;

FIG. 3 is an explanatory diagram for a case in which all
NSBSs directly transmit forward control signals to an SBS;

FIG. 4 is an explanatory diagram for a case in which all
NSBSs transmit forward control signals to an RNC;

FIG. 5 is an explanatory diagram for a case in which all
NSBSs directly transmit forward control signals to an SBS;

FIG. 6 is an explanatory diagram for a case in which all
NSBSs transmit forward control signals to an RNC;

FIG. 7 is an explanatory diagram for a case in which all
NSBSs and an SBS transmit forward control signals to an
RNC;

FIG. 8 is a functional block diagram of a base station
according to a first embodiment;

FIG. 9 is a flow chart showing processes of the base station
according to the first embodiment;

FIG. 10 is a functional block diagram of a mobile station
according to the first embodiment;

FIG. 11 is a flow chart showing processes of the mobile
station according to the first embodiment;

FIG. 12 is a functional block diagram of a base station
according to a second embodiment;

FIG. 13 is a flow chart showing processes of the base
station according to the second embodiment;

FIG. 14 is a functional block diagram of a mobile station
according to the second embodiment;

FIG. 15 is a flow chart showing processes of the mobile
station according to the second embodiment;

FIG. 16 is a functional block diagram of a base station
according to a third embodiment;

FIG. 17 is a flow chart showing processes of the base
station according to the third embodiment;

FIG. 18 is a functional block diagram of a mobile station
according to the third embodiment;

FIG. 19 is a flow chart showing processes of the mobile
station according to the third embodiment;

FIG. 20 is a functional block diagram of a base station
according to a fourth embodiment;

FIG. 21 is a flow chart showing processes of the base
station according to the fourth embodiment;

FIG. 22 is a functional block diagram of a mobile station
according to the fourth embodiment; and
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FIG. 23 is a flow chart showing processes of the mobile
station according to the fourth embodiment.

REFERENCE NUMERALS

1001 Reverse pilot signal separating unit

1002 Trigger generating unit

1003 Reverse propagation quality information generating
unit

1004 synchronous information generating unit

1005 forward control signal generating unit

1006 forward control signal transmitting unit

2001 forward control signal separating unit

2002 reverse propagation quality information extracting unit

2003 base station selecting unit

2004 synchronous information extracting unit

2005 transmission timing selecting unit

2006 transmission timing setting unit

2007 reverse data signal generating unit

2008 reverse pilot signal generating unit

2009 reverse transmission signal generating unit

BEST MODE FOR CARRYING OUT THE
INVENTION

A best mode of the present invention will be described
below with reference to drawings.

1. A mobile station (MS: Mobile Station) transmits a
reverse pilot signal to a serving base station (SBS: Serving
Base Station) serving as a handover source and a non-serving
base station (NSBS: Non-Serving BS) except for the serving
base station. The SBS and the NSBS estimate reverse recep-
tion timings. The SBS and the NSBS generate transmission
timings to the mobile station which the mobile station is
synchronized with the SBS and the NSBS, as synchronization
information. The SBS and the NSBS transmit forward (down-
ward) control signals including at least the synchronization
information to the mobile station. The mobile station changes
transmission timings of data and a reverse pilot signal to a
destination SBS to be synchronized with the destination SBS
when SCs (Serving Cells) are switched. When the SCs are not
switched, the mobile station changes the transmission tim-
ings of the data and the reverse pilot signal to be synchronized
with the SBS.

More specifically, the serving base station and the non-
serving base station estimate a reception timing of a reverse
link on the basis of the reverse pilot signal, calculate infor-
mation used to cause the mobile station to be synchronized
with the base stations to notify the mobile station of the
information. On the basis of the notification information, an
effect in that the mobile station can be synchronized with the
destination base station the moment the mobile station deter-
mines to switch between the base stations can be obtained.

2. All the base stations transmit forward control signals to
the mobile station. FIG. 2 is an explanatory diagram of the
operation (the mobile station selects the base station).

The effect obtained by the operation is the easiest method
as a transmission method of forward control information
since the base station independently transmits a forward con-
trol signal. Furthermore, a base station control device such as
an RNC (Radio Network Controller) is not necessary.

3. All the NSBSs directly transmit forward control signals
to the SBS. FIG. 3 is an explanatory diagram of the operation.
The SBS transmits the forward control signals of all the base
stations to the mobile station at once (the mobile station
selects the base station).
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An effect obtained by the operation is that the mobile
station is required only to receive the forward control signal
from the SBS because the forward control signals are col-
lected and transmitted to the mobile station at once by the
SBS. Furthermore, a base station control device such as an
RNC is not necessary.

4. All the NSBSs transmit forward control signals to the
RNC, and the RNC transmits the forward control signals of
all the NSBSs to the SBS. FIG. 4 is an explanatory diagram of
the operation. The SBS transmits the forward control signals
of all the base stations to the mobile station at once (the
mobile station selects the base station).

An effect obtained by the operation is that the forward
control signals of the NSBSs are transmitted to the SBS with
a cable through the RNC.

5. All the NSBSs directly transmit the forward control
signals to the SBS. FIG. 5 is an explanatory diagram of the
operation. The SBS selects a new SBS on the basis of the
forward control signals of all the base stations and notifies the
mobile station of the forward control signals of all the base
stations (the SBS selects the base station).

An effect obtained by the operation is that the SBS is
required to transmit only synchronization information to the
MS as the forward control signal because the SBS selects the
base station. For this reason, an amount of information can be
reduced in comparison with item 3.

6. All the NSBSs transmit forward control signals to the
RNC, and the RNC transmits the forward control signals of
all the NSBSs to the SBS. FIG. 6 is an explanatory diagram of
the operation. The SBS selects a new SBS on the basis of the
forward control signals of all the base stations and notifies the
mobile station of the forward control signals of all the base
stations (the SBS selects the base station).

An effect obtained by the operation is that the SBS is
required to transmit only synchronization information to the
MS as a forward control signal. For this reason, an amount of
information can be reduced in comparison with item 4.

7. All the NSBSs and the SBS transmit the forward control
signals to the RNC, and the RNC selects a new SBS on the
basis of the forward control signals of all the base stations.
FIG. 7 is an explanatory diagram of the operation. The RNC
transmits the forward control signals of all the base stations to
the newly selected SBS. The SBS notifies the mobile station
of'the forward control signals of all the base stations (the RNC
selects the base station).

An effect obtained by the operation is that the SBS is
required to transmit only synchronization information to the
MS as the forward control signal because the RNC selects the
base station. For this reason, an amount of information can be
reduced in comparison with item 4.

A transmitting method of a reverse pilot signal will be
described below.

8. Reverse pilot signals transmitted from the mobile station
to the SBS and the NSBSs are the same reverse pilot signals.

An effect obtained by the operation is that generation and
transmission of the reverse pilot signals are maximally easy
because the same reverse pilot signals are transmitted by all
the base stations.

9. The mobile station changes a transmission timing of
reverse pilots to the NSBSs in accordance with the synchro-
nization information of the SBS.

An effect obtained by the operation is that the reverse pilot
signals to the NSBSs do not interfere with the SBS because
the reverse pilot signals to the NSBSs are always synchro-
nized with the SBS.
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10. The mobile station changes a transmission timing of
reverse pilots to the NSBSs in accordance with the synchro-
nization information of the NSBSs.

An effect obtained by the operation is that reverse propa-
gation quality obtained when the mobile station is synchro-
nized with the NSBSs can be reliably estimated.

11. The base station is characterized by including a means
for estimating reverse propagation quality on the basis of the
reverse pilot signal and transmitting the reverse propagation
quality including the forward control signal to the mobile
station when the mobile station requires the reverse propaga-
tion quality.

An effect obtained by the operation is that the mobile
station can switch the base stations on the basis of the reverse
propagation quality.

A criterion for transmitting the forward control signal will
be described below. An effect obtained by the operation is that
a transmission frequency of the forward control signal is
reduced by setting a criterion for transmitting the forward
control signal.

12. The SBS and the NSBS periodically transmit forward
control signals to the mobile station.

13. The SBS periodically transmits the forward control
signal of the SBS to the mobile station. The SBS and the
NSBS transmit the forward control signals to the mobile
station when the reverse propagation quality exceeds a
threshold value P.

14. The SBS periodically transmits the forward control
signal of the SBS to the mobile station. The SBS transmits the
forward control signals of the SBS and the NSBS to the
mobile station when the reverse propagation quality in the
NSBS exceeds the threshold value P.

15. The SBS periodically transmits the forward control
signal of the SBS to the mobile station. The mobile station
estimates forward propagation quality and transmits request
information as the reverse control signal to the SBS when the
forward propagation quality exceeds the threshold value P.
The SBS and the NSBS transmit the forward control signals
to the mobile station when request information is received.

16. The SBS periodically transmits the forward control
signal of the SBS to the mobile station. The mobile station
estimate the forward propagation quality. When the forward
propagation quality corresponding to at least one base station
exceeds a threshold value Q, the mobile station transmits
request information which requests the forward control signal
of the base station corresponding to the forward propagation
quality exceeding the threshold value Q from the SBS to the
SBS. The SBS receives the request information, and the SBS
transmits forward control signals corresponding to the base
station corresponding to the request information to the mobile
station at once.

A case in which transmission timings of reverse pilot sig-
nals are not changed in units of NSBSs will be described
below.

17. The SBS periodically transmits the forward control
signal of the SBS to the mobile station. When any one of the
base station and the mobile station determines to switch SCs,
an NSBS (new SBS) having the new switched SC transmits a
forward control signal of the new SBS to the mobile station.

18. The SBS periodically transmits the forward control
signal of the SBS to the mobile station. When any one of the
base station and the mobile station determines to switch SCs,
the SBS transmits a forward control signal of the new SBS to
the mobile station.

A case in which transmission timings of reverse pilot sig-
nals are changed in units of NSBS will be described below.
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19. The SBS and the NSBS periodically transmit the for-
ward control signals to the mobile station. When any one of
the base station and the mobile station determines to switch
SCS, anew SBS transmits a forward control signal of the new
SBS to the mobile station.

20. The SBS periodically transmits the forward control
signals of the SBS and the NSBS to the mobile station. When
any one of the base station and the mobile station determines
to switch SCs, the SBS transmits the forward control signal of
the new SBS to the mobile station.

21. The mobile station determines to switch SCs and trans-
mits a request of a forward control signal as a reverse control
signal.

A method of improving the accuracy of synchronization
information will be described below.

22. The mobile station increases at least one of a transmis-
sion frequency of a reverse pilot signal, the number of repeti-
tions of transmission, and a transmission power in NSBSs
ranked in the top X of propagation quality. Increments are
increased in a descending order of propagation quality.

An effect obtained by the operation is that synchronization
accuracy to a base station which is probably switched to an
SBS is improved.

23. The mobile station increases at least one of a transmis-
sion frequency of a reverse pilot signal, the number of repeti-
tions of transmission, and a transmission power in an NSBS
the propagation quality of which exceeds a threshold value Y.
Increments are increased in a descending order of propaga-
tion quality.

An effect obtained by the operation is that synchronization
accuracy to a base station which is probably switched to an
SBS is improved.

24. The mobile station increases at least one of a transmis-
sion frequency of a reverse pilot signal, the number of repeti-
tions of transmission, and a transmission power in NSBSs
ranked in the bottom Z of propagation quality. Increments are
increased in an ascending order of propagation quality.

An effect obtained by the operation is that synchronization
accuracy to all the base stations is increased.

25. The mobile station increases at least one of a transmis-
sion frequency of a reverse pilot signal, the number of repeti-
tions of transmission, and a transmission power in an NSBS
the propagation quality of which is equal to or less than a
threshold value W. Increments are increased in an ascending
order of propagation quality.

An effect obtained by the operation is that synchronization
accuracy to all the base stations is increased.

Embodiment 1

A wireless communication system to which the present
invention is applied is constituted by a plurality of base sta-
tions and at least one mobile station. In the following embodi-
ment, to make it easy to understand a correspondence
between the base stations and the mobile station, an explana-
tion will be made on the assumption that first to Nth base
stations and first to Mth mobile stations are used. For descrip-
tive convenience, each of the first to Nth base stations must
serve as any one of a serving as a serving base station (for a
mobile station, the base station which communicates with the
mobile station) or non-serving base station (for the mobile
station, the base station which does not communicate with the
mobile station) for each mobile station. However, the same
first to Nth base stations do not always serve as serving base
stations or non-serving base stations for all the mobile sta-
tions. It is assumed that a signal between an ath base station
and an ith mobile station in a wireless communication system
having N base stations is expressed as an ((1*N)+a)th signal to
uniquely specify a signal between a specific base station and
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a specific mobile station. Reference symbol * is a symbol
which means multiplication. The mobile stations, the base
stations, and a base station control device realize functions
(will be described below) by control programs stored in
respectively memories.

In the first embodiment, a mobile station selects a base
station, and a criterion for selecting a base station is reverse
propagation quality. Forward (Downward) control signals to
the moving station are transmitted by all the base stations, the
transmission timing is determined by a periodic trigger. Infor-
mation of the forward control signal transmitted to the mobile
station includes synchronization information of the base sta-
tions and reverse propagation quality.

FIG. 8 is a functional block diagram of the first to Nth base
stations in the first embodiment. A trigger generating unit
1002 periodically generates and outputs a trigger signal. A
reverse pilot signal separating unit 1001 separates and outputs
a reverse pilot signal from a signal received from an ith
mobile station when a trigger signal is input. A reverse propa-
gation quality information generating unit 1003 calculates
propagation quality of a reverse link on the basis of a reverse
pilot signal and generates and outputs the propagation quality
as reverse propagation quality information. A synchronous
information generating unit 1004 estimates a reception tim-
ing on the basis of a reverse pilot signal and generates and
outputs information corresponding to a transmission timing
of the ith mobile station at which the ith mobile station is
synchronized with the base station as synchronization infor-
mation. A forward control signal generating unit 1005 gen-
erates and outputs the reverse propagation quality informa-
tion and the synchronization information as forward control
information. A forward control signal transmitting unit 1006
transmits the forward control signal as a forward transmission
signal. A configuration which gives an output from the trigger
generating unit to the forward control signal transmitting unit
to transmit the forward control signal at the trigger timing can
also be employed. An antenna is used for both transmission
and reception, and may also be configured to be switchably
connected to a transmission signal and a reception signal.

FIG. 9 is a flow chart showing processes of each of the base
stations according to the embodiment. In this case, processes
of'an ath (ais an arbitrary natural number which is equal to or
less than N) base station will be described below.

A periodic trigger generated by the base station in a pre-
determined cycle is monitored. When the trigger is detected
(step S201), a reception timing in an ath base station is esti-
mated on the basis of a pilot signal transmitted by an ith (i is
a natural number which is equal to or less than M) mobile
station, and ((i*N)+a)th synchronization information to syn-
chronize the ith mobile station with the ath base station is
generated (step S202). Reverse propagation quality in the ath
base station is estimated, ((i*N)+a)th reverse propagation
quality information is generated, the ((i*N)+a)th synchroni-
zation information and the ((i*N)+a)th reverse propagation
quality information are generated as an ((i*N)+a)th forward
control signal, and the ((i*N)+a)th forward control signal is
transmitted to the ith mobile station (step S203).

When the trigger is not detected, the processes are ended.

FIG. 10 is a functional block diagram of the first to Mth
mobile stations according to the present embodiment. A for-
ward control signal separating unit 2001 extracts first to Nth
control signals from forward link signals transmitted by the
first to Nth base stations and outputs the first to Nth control
signals. A reverse propagation quality information extracting
unit 2002 extracts first to Nth pieces of reverse propagation
quality information from the first to Nth control signals and
outputs the first to Nth pieces of reverse propagation quality
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information. A base station selecting unit 2003 generates and
outputs information indicating a base station corresponding
to the maximum reverse propagation quality as new base
station selection information in the first to Nth pieces of
reverse propagation quality information. A synchronous
information extracting unit 2004 extracts first to Nth pieces of
synchronization information from the first to Nth control
signals and outputs the first to Nth pieces of synchronization
information. A transmission timing selecting unit 2005
selects synchronization information corresponding to new
base station selection information from the first to Nth pieces
of synchronization information and outputs the synchroniza-
tion information as new base station synchronization infor-
mation. A reverse data signal generating unit 2007 generates
and outputs a reverse data signal. A reverse pilot signal gen-
erating unit 2008 generates and outputs a reverse pilot signal.
A reverse transmission signal generating unit 2009 generates
and outputs a reverse data signal and a reverse pilot signal as
reverse transmission signals. A transmission timing setting
unit 2006 transmits the reverse transmission signal such that
a transmission timing of the reverse transmission signal is
changed to synchronize the mobile station with a newly
selected base station on the basis of the new base station
synchronization information. An antenna is used for both
transmission and reception, and may also be configured to be
switchably connected to a transmission signal and a reception
signal.

FIG. 11 is a flow chart showing processes of each of the
mobile stations in the embodiment. In this case, the processes
in the ith mobile station will be described below. However, it
is assumed that the first to Mth mobile stations perform the
processes along the same flow chart.

The ith mobile station receives ((1*N)+1)th to ((i*N)+N)th
forward control signals from the first to Nth base stations.
First, (i*N)+1)th to ((i*N)+N)th pieces of synchronization
information and ((i*N)+1)th to ((i*N)+N)th pieces of propa-
gation quality information are separated from the ((i*N)+1)th
to ((*N)+N)th forward control signals, respectively (step
S301).

An ith reverse data signal and an ith reverse pilot signal are
generated, and the ith reverse data signal and the ith reverse
pilot signal are generated as ith reverse transmission signals
(step S302).

(G*N)+j)th (j is a natural number which is equal to or less
than N) reverse propagation quality information correspond-
ing to a serving base station, ((i*N)+1)th to (G*N)+(G-1))th
pieces of reverse propagation quality information corre-
sponding to non-serving base stations, and ((i*N)+(+1))th to
((I*N)+N)th pieces of reverse propagation quality informa-
tion are compared with each other. When any one of the
(@*N)+1)th to ((I*N)+(j—1))th pieces of reverse propagation
quality information and the ((*N)+(+1))th to ((i*N)+N)th
pieces of reverse propagation quality information exceeds the
((1*N)+j)th reverse propagation quality information (step
S304), on the basis of the maximum ((i*N)+s)th synchroni-
zation information, corresponding to an sth base station, in
the ((i*N)+1)th to ((i*N)+(j-1))th pieces of reverse propaga-
tion quality information and the ((*N)+(+1))th to ((*N)+N)
th pieces of reverse propagation quality information, the ith
reverse transmission signal is transmitted such that a trans-
mission timing of the ith reverse transmission signal is
changed to synchronize the ith mobile station with the sth
base station (step S305). When the ((i*N)+j)th reverse propa-
gation quality information is equal to or higher than the
(@*N)+1)th to ((I*N)+(j—1))th pieces of reverse propagation
quality information and the ((*N)+(+1))th to ((i*N)+N)th
pieces of reverse propagation quality information (step
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S304), the ith reverse transmission signal is transmitted such
that the transmission timing of the ith reverse transmission
signal is changed on the basis of ((i*N)+j)th synchronization
information to synchronize the ith mobile station with a jth
base station (step S306).

In this manner, according to the embodiment, when the
base station determined to switch the base stations, the mobile
station can be synchronized with the destination base station.
Embodiment 2

In a second embodiment, a serving base station selects a
base station, and a criterion for selecting a base station is
reverse propagation quality. A forward control signal to a
mobile station is transmitted by the serving base station.
When the transmission timing is a timing when the serving
base station determines to switch base stations, information
of'a forward control signal transmitted to the mobile station is
synchronization information of a destination base station.
When the transmission timing is a timing when a periodic
trigger is detected, information of the forward control signal
transmitted to the mobile station is synchronization informa-
tion of the serving base station.

FIG. 12 is a functional block diagram of first to Nth base
stations according to the second embodiment. A reverse pilot
signal separating unit 1101 separates a reverse pilot signal
from a signal transmitted by an ith mobile station and outputs
the reverse pilot signal. A reverse propagation quality infor-
mation generating unit 1102 estimates propagation quality of
a reverse link on the basis of the reverse pilot signal, and
generates and outputs the propagation quality as reverse
propagation quality information. A synchronous information
generating unit 1103 estimates a reception timing on the basis
of'the reverse pilot signal and generates and outputs informa-
tion corresponding to a transmission timing of the ith mobile
station at which the ith mobile station is synchronized with
the base station as synchronization information. A base sta-
tion control signal generating unit 1104 of'its own base station
generates and outputs reverse propagation quality informa-
tion and the synchronization information as a base station
control signal of its own base station. A base station operation
switching unit 1105 switches operations depending on
whether the own base station is a base station which is being
connected with the mobile station. A base station control
signal transmitting unit 1106 of its own base station transmits
a base station control signal of its own base station as a base
station control transmission signal of its own base station.

A trigger generating unit 1107 periodically generates a
trigger signal. A base station forward control signal transmit-
ting unit 1108 of its own base station transmits the base
station control signal of its own base station to the mobile
station as a base station forward control transmission signal of
its own base station when the trigger signal is received. A base
station control signal separating unit 1109 of its own base
station separates reverse propagation quality information and
synchronization information from the base station control
signal of its own base station and outputs the reverse propa-
gation quality information and the synchronization informa-
tion. A non-serving base station control signal receiving unit
1110 separates and outputs control signals of all the non-
serving base stations in signals received from all the non-
serving base stations. A reverse propagation quality informa-
tion extracting unit 1111 separates and outputs reverse
propagation quality information in the control signal of the
non-serving base station. A base station selecting unit 1112
selects an optimum base station on the basis of the pieces of
reverse propagation quality information of all the base sta-
tions and generates and outputs information representing the
base station as optimum base station selection information. A
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synchronous information extracting unit 1113 separates and
outputs synchronization information in a control signal of a
non-serving base station. When the base station indicated by
the optimum base station selection information is different
from the serving base station, a forward control signal gen-
erating unit 1114 generates an outputs synchronization infor-
mation corresponding to the base station indicated by the
optimum base station selection information as a forward con-
trol signal. A multiplexing unit 1115 multiplexes the forward
control signal and the optimum base station selection infor-
mation and transmits a multiplexed signal as the forward
transmission signal. An antenna is used for both transmission
and reception, and may also be configured to be switchably
connected to a transmission signal and a reception signal.

FIG. 13 is a flow chart showing processes of the first to Nth
base stations according to the embodiment. Reverse propa-
gation quality in its own base station is estimated to generate
reverse propagation quality information. A reception timing
in the own base station is estimated to generate synchroniza-
tion information to synchronize the mobile station with the
own base station. The reverse propagation quality informa-
tion and the synchronization information are generated as
base station control information of its own base station (step
S401). It is checked whether the own base station is a base
station which is being connected to the mobile station. When
the own base station is the base station (SBS) which is being
connected to the mobile station, the control operation shifts to
step S404. When the base station is a non-serving base station
(NSBS) which is not being connected to the mobile station,
the control operation shifts to step S403 (step S402). The
NSBS transmits control information of the own base station
to the SBS (step S403).

A trigger signal periodically generated by the SBS is moni-
tored by the SBS. When the SBS detects the trigger signal, the
control operation shifts to step S405. When the SBS does not
detect the trigger signal, the control operation shifts to step
S406 (step S404). The SBS transmits control information of
the own base station to the mobile station as a base station
forward control signal of its own base station (step S405). A
control signal is received from the NSBS, and the reverse
propagation quality information and the synchronization
information are separated and output (step S406). On the
basis of pieces of reverse propagation quality information of
all the base stations, an optimum base station is selected, and
information indicating an optimum base station is generated
as optimum base station selection information (step S407).
When the base station indicated by the optimum base station
selection information is different from the SBS, the control
operation shifts to step S409. When the base station indicated
by the optimum base station selection information is the same
as the SBS, the processes are ended (step S408). The base
station connected to the mobile station is switched to the base
station indicated by the optimum base station selection infor-
mation (step S409). The synchronization information corre-
sponding to the base station indicated by the optimum base
station selection information is generated as a forward control
signal. A signal obtained by multiplexing the forward control
signal and the optimum base station selection information is
transmitted to the mobile station as a forward transmission
signal (S410).

The processes in the first to Nth base stations will be further
described below such that the processes are divided into pro-
cesses in the first to (j—1)th base stations serving as non-
serving base stations which are handover destinations and the
(j+1)th to Nth base stations (j is a natural number which is N
or less except for j) and processes in the jth base station
serving as a serving base station which is a handover source.
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In a sth (s is a natural number which is N or less) base
station serving as a non-serving base station, a reception
timing in the sth base station is estimated on the basis of a pilot
signal transmitted by the ith mobile station, and the ((i*N)+
s)th synchronization information to synchronize the ith
mobile station with the sth base station is generated. Reverse
propagation quality in the sth base station is estimated to
generate ((i*N)+s)th reverse propagation quality informa-
tion, the ((i*N)+s)th synchronization information and the
((i*N)+s)th reverse propagation quality information are gen-
erated as an ((1*N)+s)th forward control signal and transmit-
ted to the jth base station.

In the jth base station serving as a serving base station, the
((1*N)+1)th to ((i*N)+(j-1))th forward control signals and
the ((*N)+(G+1))th to ((*N)+N)th forward control signals
respectively transmitted by the first to (j—1)th base stations
and the (j+1)th to Nth base stations are received, and the
((*N)+1)th to (@*N)+(j-1))th pieces of synchronization
information, the ((i*N)+(j+1))th to ((*N)+N)th pieces of
synchronization information, the ((i*N)+1)th to (G*N)+(-
1))th pieces of reverse propagation quality information, and
the ((i*N)+(+1))th to ((i*N)+N)th pieces of reverse propa-
gation quality information are separately output.

On the basis of the pilot signal transmitted by the ith mobile
station, a reception timing in the jth base station is estimated,
and ((1*N)+j)th synchronization information to synchronize
the ith mobile station with the jth base station is generated.
Reverse propagation quality in the jth base station is esti-
mated, ((i*N)+j)th reverse propagation quality information is
generated, and the ((i*N)+j)th synchronization information
and the ((i*N)+j)th reverse propagation quality information
are generated as a ((i*N)+j)th forward control signal.

The jth reverse propagation quality information corre-
sponding to the serving base station is compared with the
((1*N)+1)th to ((i*N)+(j—1))th pieces of reverse propagation
quality information and the ((i*N)+(G+1))th to ((i*N)+N)th
pieces of reverse propagation quality information corre-
sponding to the non-serving base stations, respectively. When
the ((i*N)+s)th reverse propagation quality information
which exceeds the jth reverse propagation quality informa-
tion is detected, base stations are switched, and information
indicating the destination base station is generated.

Information indicating the destination base station and the
first to Nth control signals are transmitted to the ith mobile
station.

FIG. 14 is a functional block diagram of the first to Mth
mobile stations according to the embodiment. A selected base
station information extracting unit 2101 extracts new base
station selection information indicating a newly selected base
station from a transmitted signal from the serving base station
and outputs the new base station selection information. A
forward control signal extracting unit 2102 extracts forward
control signals of all the base stations from the transmitted
signal from the serving base station and outputs the forward
control signals. A synchronous information extracting unit
2103 extracts pieces of synchronization information of all the
base stations from the forward control signals of all the base
stations and outputs the pieces of synchronization informa-
tion.

A reverse data signal generating unit 2105 generates and
outputs a reverse data signal. A reverse pilot signal generating
unit 2106 generates and outputs a reverse pilot signal. A
reverse transmission signal generating unit 2107 generates
and outputs the reverse data signal and the reverse pilot signal
as reverse generating signals. A transmission timing setting
unit 2104 transmits the reverse generating signals such that a
transmission timing is changed on the basis of the new base



US 9,100,876 B2

13

station selection information to synchronize the mobile sta-
tion with a newly selected base station. An antenna is used for
both transmission and reception, and may also be configured
to be switchably connected to a transmission signal and a
reception signal.

FIG. 15 is a flow chart showing processes in the first to Mth
mobile stations according to the embodiment. Processes in
the ith mobile station will be described below.

The ith mobile station receives information indicating a
destination base station and the ((i*N)+1)th to ((i*N)+N)th
forward control signals from the jth base station. First, the
(@*N)+1)th to ((i*N)+N)th pieces of synchronization infor-
mation and the ((1*N)+1)th to (@*N)+N)th pieces of propa-
gation quality information are separated from the ((i*N)+1)th
to ((*N)+N)th forward control signals, respectively (step
S501).

An ith reverse data signal and an ith reverse pilot signal are
generated as ith reverse transmission signals (step S502).

When the information indicating the destination base sta-
tion changes the base station into the sth (s is a natural number
which is N or less except for j) base station (step S503), the ith
reverse transmission signal is transmitted such that a trans-
mission timing of the ith reverse transmission signal is
changed on the basis of the ((1*N)+s)th synchronization infor-
mation to synchronize the ith mobile station with the sth base
station (step S504). When the information indicating the des-
tination base station indicates the same base station as the jth
base station serving as a serving base station (step S503), the
transmission timing of the ith reverse transmission signal is
changed on the basis of the ((1*N)+j)th synchronization infor-
mation to synchronize the ith mobile station with the jth base
station (step S505).

In this manner, according to the embodiment, when the
mobile station determined to switch the base stations, the
mobile station can be synchronized with the destination base
station.

Embodiment 3

In a third embodiment, a mobile station selects a base
station, and a criterion for selecting a base station is reverse
propagation quality. When a forward control signal to a
mobile station is transmitted by a base station having reverse
propagation quality exceeding a threshold value, a transmis-
sion timing of the forward transmission signal is a timing
when the reverse propagation quality exceeds the threshold
value, and information of the forward transmission signal
transmitted to the mobile station includes pieces of synchro-
nization information of the base stations and reverse propa-
gation quality information. When the forward transmission
signal to the mobile station is transmitted by a serving base
station (SBS), a transmission timing of the forward transmis-
sion signal is a timing when a periodic trigger is detected, and
information of the forward transmission signal transmitted to
the mobile station includes synchronization information of
the serving base station and the reverse propagation quality
information.

FIG. 16 is a functional block diagram of first to Nth base
stations according to the third embodiment. A reverse pilot
signal separating unit 1201 separates a reverse pilot signal
from a signal transmitted by an ith mobile station and outputs
the reverse pilot signal. A reverse propagation quality infor-
mation generating unit 1202 estimates propagation quality of
a reverse link on the basis of the reverse pilot signal, and
generates and outputs the propagation quality as reverse
propagation quality information. A synchronous information
generating unit 1203 estimates a reception timing on the basis
of'the reverse pilot signal and generates and outputs informa-
tion corresponding to a transmission timing of the ith mobile
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station at which the ith mobile station is synchronized with
the base station as synchronization information. A base sta-
tion control signal generating unit 1204 of'its own base station
generates and outputs reverse propagation quality informa-
tion and the synchronization information as a base station
control signal of its own base station. A threshold comparing
unit 1208 compares the reverse propagation quality informa-
tion with a threshold value. When the reverse propagation
quality information exceeds the threshold value, the threshold
comparing unit 1208 generates and outputs a trigger signal. A
forward control signal transmitting unit 1209 transmits a base
station control signal of its own base station to the mobile
station as a forward control signal when the forward control
signal transmitting unit 1209 receives the trigger signal. A
base station operation switching unit 1205 switches opera-
tions depending on whether the own base station is a base
station (SBS) which is being connected to the mobile station.

A trigger generating unit 1206 periodically generates a
trigger signal. A base station control signal transmitting unit
1207 of its own base station transmits the base station control
signal of its own base station to the mobile station as a base
station forward control signal of'its own base station when the
trigger signal is received. An antenna is used for both trans-
mission and reception, and may also be configured to be
switchably connected to a transmission signal and a reception
signal.

FIG. 17 is a flow chart showing processes of the first to Nth
base stations according to the embodiment. A reverse pilot
signal transmitted by the mobile station to the own base
station is separated from a reception signal. On the basis of the
reverse pilot signal, reverse propagation quality is estimated
and output as reverse propagation quality information. On the
basis of the reverse pilot signal, a reception timing is esti-
mated, and information to synchronize the mobile station
with the base station is output as synchronization informa-
tion. The reverse propagation quality information and the
synchronization information are output as forward control
information (step S601). It is checked whether the own base
station is a base station which is being connected to the
mobile station. When the own base station is the base station
(SBS) which is being connected to the mobile station, the
control operation shifts to step S603. When the base station is
a base station (NSBS) which is not being connected to the
mobile station, the control operation shifts to step S605 (step
S602). A trigger signal periodically generated by the SBS is
monitored by the SBS. When the SBS detects the trigger
signal, the control operation shifts to step S604. When the
SBS does not detect the trigger signal, the control operation
shifts to step S605 (step S603). The forward control signal is
transmitted to the mobile station (step S604). The reverse
propagation quality information and the threshold value are
compared with each other. When the reverse propagation
quality exceeds the threshold value, the control operation
shifts to step S606. When the reverse propagation quality is
equal to or less than the threshold value, the processes are
ended (step S605). The forward control signal is transmitted
to the mobile station (step S606).

The processes in the first to Nth base stations will be further
described below such that the processes are divided into pro-
cesses in the first to (j—1)th base stations serving as non-
serving base stations which are handover destinations and the
(j+1)th to Nth base stations (j is a natural number which is N
or less) and processes in the jth base station serving as a
serving base station which is a handover source.

In a sth (s is a natural number which is N or less except for
j) base station serving as a non-serving base station, a recep-
tion timing in the sth base station is estimated on the basis of
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a pilot signal transmitted by the ith mobile station, and the
((i*N)+s)th synchronization information to synchronize the
ith mobile station with the sth base station is generated.
Reverse propagation quality in the sth base station is esti-
mated to generate ((i*N)+s)th reverse propagation quality
information, the ((i*N)+s)th synchronization information
and the ((i*N)+s)th reverse propagation quality information
are generated as an ((i*N)+s)th forward control signal and
transmitted to the jth base station.

In the jth base station serving as a serving base station, on
the basis of the pilot signal transmitted by the ith mobile
station, the reception timing in the jth base station is esti-
mated, and the ((i*N)+j)th synchronization information to
synchronize the ith mobile station with the jth base station is
generated. Reverse propagation quality in the jth base station
is estimated, and ((i*N)+j)th reverse propagation quality
information is generated. The ((i*N)+j)th synchronization
information and the ((i*N)+j)th reverse propagation quality
information are generated as ((i*N)+j)th forward control sig-
nal.

The ((1*N)+1)th to ((i*N)+(j-1))th forward control signals
and the ((i*N)+(j+1))th to ((i*N)+N)th forward control sig-
nals respectively transmitted by the first to (j—1)th base sta-
tions and the (j+1)th to Nth base stations are received, and the
(@*N)+1)th to (@*N)+(j-1))th pieces of synchronization
information, the ((i*N)+(j+1))th to ((*N)+N)th pieces of
synchronization information, the ((i*N)+1)th to (G*N)+(-
1))th pieces of reverse propagation quality information, and
the ((I*N)+(+1))th to ((*N)+N)th pieces of reverse propa-
gation quality information are separately output.

The non-serving base stations are sequentially selected one
by one. When reverse propagation quality indicated by the
((i*N)+s)th reverse propagation quality information corre-
sponding to the sth base station selected in the previous step
exceeds a threshold value U, the ((i*N)+s)th forward control
signal corresponding to the sth base station is determined to
be transmitted to the ith mobile station.

Even though the reverse propagation quality is equal to or
less than the threshold value U, when a trigger periodically
generated is detected, the ((i*N)+s)th forward control signal
corresponding to the sth base station is determined to be
transmitted to the ith mobile station.

When itis checked that all the non-serving base stations are
selected, a forward control signal corresponding to a deter-
mined non-serving base station is transmitted to the ith
mobile station.

FIG. 18 is a functional block diagram of first to Mth mobile
stations according to the embodiment. A forward control
signal separating unit 2201 separates and outputs all forward
control signals received from K (K is a natural number which
is N or less) base stations. A reverse propagation quality
information extracting unit 2202 extracts first to Kth pieces of
reverse propagation quality information from the first to Kth
forward control signals and outputs the first to Kth pieces of
reverse propagation quality information. A base station
selecting unit 2203 selects an optimum base station on the
basis of the pieces of reverse propagation quality information
of all the base stations, and generates and outputs information
indicating the base station as optimum base station selection
information. A synchronous information extracting unit 2204
extracts first to Kth pieces of synchronization information
from the first to Kth forward control signals, respectively, and
outputs the first to Kth pieces of synchronization information.
A reverse data signal generating unit 2206 generates and
outputs areverse data signal. A reverse pilot signal generating
unit 2207 generates and outputs a reverse pilot signal. A
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reverse signal generating unit 2208 generates and outputs the
reverse data signal and the reverse pilot signal.

A transmission timing setting unit 2205 changes a trans-
mission timing of the reverse data signal on the basis of new
base station selection information to synchronize the mobile
station with a base station corresponding to the new base
station selection information. Transmission timings of the
reverse pilot signals transmitted to the base stations corre-
sponding to the first to Kth pieces of synchronization infor-
mation are changed to synchronize the mobile station with the
base stations. With respect to base stations except for the base
station indicated by the new base station selection informa-
tion, transmission powers of reverse pilot signals transmitted
to base stations ranked in the top X (X is a natural number
which is K or less) of reverse propagation quality are set to be
high in proportion to the reverse propagation properties. The
mobile station transmits the reverse data signal to the base
station corresponding to the new base station selection infor-
mation and transmits the reverse pilot signals to the base
stations corresponding to the first to Kth pieces of synchro-
nization information, respectively. An antenna is used for
both transmission and reception, and may also be configured
to be switchably connected to a transmission signal and a
reception signal.

FIG. 19 is a flow chart showing processes in the first to Mth
mobile stations according to the embodiment. The mobile
stations receive first to Kth forward control signals transmit-
ted by K base stations. The first to Kth pieces of reverse
propagation quality information and the first to Kth pieces of
synchronization information are separated from the first to
Kth forward control signals and output (step S701). A reverse
data signal and first to Kth reverse pilot signals are generated
and output as reverse signals (step S702). On the basis of the
first to Kth pieces of reverse propagation quality information,
an optimum base station is selected. Information indicating
the optimum base station is generated as optimum base sta-
tion selection information (step S703). When the base station
indicated by the optimum base station selection information
is different from a base station (SBS) which is being con-
nected to the mobile station, the control operation shifts to
step 705. The base station indicated by the optimum base
station selection information is the same as the SBS, the
control operation shifts to step S706 (step S704).

On the basis of synchronization information correspond-
ing to a newly selected base station, a transmission timing of
the reverse data signal is changed to synchronize the mobile
station with the newly selected base station. On the basis of
the first to Kth pieces of synchronization information, trans-
mission timings of the first to Kth reverse pilot signals are
changed to synchronize the mobile station with the K base
stations. In these pilot signals, transmission powers of reverse
pilot signals transmitted to base stations ranked in the top X
(X is a natural number which is K or less) of reverse propa-
gation quality are set to be high in proportion to the reverse
propagation properties (step S705).

On the basis of synchronization information correspond-
ing to a serving base station, a transmission timing of the
reverse data signal is changed to synchronize the mobile
station with the serving base station. On the basis of the first
to Kth pieces of synchronization information, transmission
timings of the first to Kth reverse pilot signals are changed to
synchronize the mobile station with the K base stations. In
these pilot signals, transmission powers of reverse pilot sig-
nals transmitted to base stations ranked in the top X of reverse
propagation quality are set to be high in proportion to the
reverse propagation properties, the control operation shifts to
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step S707 (step S706). Reverse transmission signals (the
reverse data signal and the first to Kth reverse pilot signals)
are transmitted (step S707).

The processes in the first to Mth mobile stations will be
further described below by using the processes in the ith
mobile station as an example. It is assumed that the first to
Mth mobile stations perform the same processes.

(G*N)+Dth to ((i*N)+N)th reverse pilot signals and the ith
reverse data signal are generated. In step ST801, the ith
mobile station receives the ((i*N)+1)th to ((*N)+N)th for-
ward control signals from the jth base station and separates
the ((*N)+1)th to ((A*N)+N)th pieces of synchronization
information and the ((i*N)+1)th to ((i*N)+N)th pieces of
propagation quality information from the ((i*N)+1)th to
((I*N)+N)th forward control signals, respectively.

The ((i*N)+j)th reverse propagation quality information
corresponding to the serving base station, the ((i*N)+1)th to
((A*N)+(j-1))th pieces of reverse propagation quality infor-
mation corresponding to the non-serving base station, and the
(@A*N)+(+1))th to ((*N)+N)th pieces of reverse propagation
quality information are compared with each other. When any
one of the ((i*N)+1)th to ((i*N)+(j—1))th pieces of reverse
propagation quality information and the ((i*N)+(G+1))th to
((I*N)+N)th pieces of reverse propagation quality informa-
tion exceeds the ((i*N)+j)th reverse propagation quality
information, on the basis of the ((i*N)+s)th synchronization
information corresponding to the sth base station having a
maximum one of the ((*N)+1)th to ((*N)+(j—1))th pieces of
reverse propagation quality information and the (I*N)+(j+
1)th to ((1*N)+N)th pieces of reverse propagation quality
information, a transmission timing of the ith reverse data
signal is changed to synchronize the ith mobile station with
the sth base station. When the ((i*N)+j)th reverse propagation
quality information is equal to or larger than the ((i*N)+1)th
to ((I*N)+(j-1))th pieces of reverse propagation quality infor-
mation and the (A*N)+(G+1))th to ((*N)+N)th pieces of
reverse propagation quality information, on the basis of the
((i*N)+j)th synchronization information, a transmission tim-
ing of the ith reverse data signal is changed to synchronize the
ith mobile station with the jth base station.

On the basis of the ((*N)+1)th to ((*N)+N)th pieces of
synchronization information, transmission timings of the
(@*N)+1)th to ((I*N)+N)th reverse pilot signals are changed
to synchronize the mobile station with the first to Nth base
stations. Furthermore, at least one of a transmission fre-
quency, the number of repetitions of transmission, and trans-
mission powers of reverse pilot signals transmitted to base
stations ranked in the top X of ((i*N)+1)th to ((*N)+N)th
pieces of reverse propagation quality information is set to
increase in an ascending order of the reverse propagation
qualities, and the ((i*N)+1)th to ((*N)+N)th reverse pilot
signals and the ith reverse data signal are output as an ith
reverse transmission signal.

In this manner, according to the embodiment, when the
mobile station determined to switch the base stations, the
mobile station can be synchronized with the destination base
station.

Embodiment 4

In a fourth embodiment, a mobile station selects a base
station, and a criterion for selecting a base station is forward
propagation quality. When a forward control signal to a
mobile station is transmitted by a serving base station (SBS).
A transmission timing of the forward transmission signal is a
timing when request information is received, information of
the forward control signal transmitted to the mobile station is
synchronization information corresponding to the base sta-
tion which makes the request. When the transmission timing
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is atiming when a periodic trigger is detected, the information
of'the forward control signal transmitted to the mobile station
is synchronization information of the serving base station.

FIG. 20 is a functional block diagram of first to Nth base
stations according to the fourth embodiment. A forward pilot
signal separating unit 1301 generates and outputs a forward
pilot signal. A forward pilot transmitting unit 1302 transmits
the forward pilot signal to the mobile station as a forward pilot
transmission signal. A reverse pilot signal separating unit
1303 separates a reverse pilot signal from a reverse link signal
transmitted by an ith mobile station and outputs the reverse
pilot signal. A synchronous information generating unit 1304
estimates a reception timing on the basis of the reverse pilot
signal and generates and outputs information corresponding
to a transmission timing of the ith mobile station at which the
ith mobile station is synchronized with the base station as
synchronization information. A base station control signal
generating unit 1305 of its own base station generates and
outputs reverse propagation quality information and synchro-
nization information as a base station control signal ofits own
base station. A base station operation switching unit 1306
switches operations depending whether its own base station is
a base station (SBS) which is being connected to the mobile
station. A base station control signal transmitting unit 1307 of
its own base station transmits the base station control signal of
its own base station as a base station control transmission
signal of its own base station.

A trigger generating unit 1308 periodically generates and
outputs a trigger signal. When the trigger signal is received, a
base station forward control signal transmitting unit 1309 of
its own base station transmits the base station control signal of
its own base station to the mobile station as a base station
forward control transmission signal of its own base station. A
base station control signal separating unit 1311 of its own
base station separates synchronization information from the
base station control signal of the own base station and outputs
the synchronization information. A request information sepa-
rating unit 1310 separates request information from the
reverse link signal transmitted by the ith mobile station and
outputs the request information. A non-serving base station
control signal receiving unit 1312 separates and outputs a
control signal for each of the non-serving base stations in
signals received from all the non-serving base stations. A
synchronous information extracting unit 1313 separates and
outputs synchronization information in the control signal for
the non-serving base station. A forward control signal gener-
ating unit 1314 transmits synchronization information corre-
sponding to the base station indicated by the request infor-
mation to the ith mobile station as a forward control signal. An
antenna is used for both transmission and reception, and may
also be configured to be switchably connected to a transmis-
sion signal and a reception signal.

FIG. 21 is a flow chart showing processes of the base
stations according to the embodiment. A reverse pilot signal
transmitted by the mobile station to the own base station is
separated from a reception signal. On the basis of the reverse
pilot signal, a reception timing is estimated, and information
to synchronize the mobile station with the base station is
output as synchronization information. The synchronization
information is output as a control signal for the own base
station (step S801). Itis checked whether the own base station
is a base station (SBS) which is being connected to the mobile
station. When the own base station is the SBS, the control
operation shifts to step S804. When the base station is a base
station (NSBS) which is not being connected to the mobile
station, the control operation shifts to step S803 (step S802).
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Control information of the own base station is transmitted
to the SBS (step S803). A trigger signal periodically gener-
ated by the SBS is monitored by the SBS. When the SBS
detects the trigger signal, the control operation shifts to step
S805. When the SBS does not detect the trigger signal, the
control operation shifts to step S806 (step S804). The control
information for the own base station is transmitted to the
mobile station as a base station forward control signal of the
own base station (step S805). A control signal is received
from the NSBS, synchronization information is extracted and
output. (S806) When request information is received from the
mobile station, the control operation shifts to step S808.
When no request information is received, the processes are
ended (step S807). A control signal for the base station cor-
responding to the received request information is transmitted
to the mobile station as a forward control signal (step S808).

In this case, the processes in the processes in the first to Nth
base stations will be further described by using processes in
an ath (a is an arbitrary natural number which is N or less)
base station as an example.

When request information which transmits a forward con-
trol signal is received from an ith (i is a natural number which
is M or less), on the basis of a pilot signal transmitted by the
ith mobile station, a reception timing in the ath base station is
estimated, and ((i*N)+a)th synchronization information to
synchronize the ith mobile station with the ath base station is
generated as an ((i*N)+a)th forward control signal. A ((*N)+
a)th forward pilot signal transmitted by the ath base station to
the ith mobile station is generated by the ath base station.

Thereafter, the ((i*N)+a)th forward control signal and the
((1*N)+a)th forward pilot signal are transmitted to the ith
mobile station.

Even though the request information to transmit the for-
ward control signal is not received, a trigger periodically
generated by the base station in a predetermined cycle is
monitored. When the trigger is detected, the same processes
as described above are performed, the ((i*N)+a)th forward
control signal and the ((i*N)+a)th forward pilot signal are
transmitted to the ith mobile station.

When the trigger is not detected, the processes in the ath
base station are ended.

FIG. 22 is a functional block diagram of the first to Mth
mobile stations according to the embodiment. A forward pilot
signal separating unit 2301 separates forward pilot signals
corresponding to all the base stations from a reception signal
received by the mobile station and outputs the forward pilot
signal. A forward propagation quality estimating unit 2302
estimates forward propagation qualities of all the base sta-
tions on the basis of the forward pilot signals and outputs
forward propagation quality information. A threshold com-
paring unit 2303 compares the forward propagation qualities
with a threshold value and outputs comparison results corre-
sponding to all the base stations as threshold comparison
information. When a request information transmitting unit
2304 confirms that at least one of the forward propagation
qualities exceeds the threshold value, the request information
transmitting unit 2304 generates request information which
requests the SBS to transmit forward control signals corre-
sponding to L (L is a natural number which is N or less) base
stations the forward propagation qualities of which exceed
the threshold value to the mobile station, and transmits the
request information to the SBS. An optimum base station
selecting unit 2305 selects an optimum base station on the
basis of the forward propagation qualities (1 to N), and out-
puts information indicating the optimum base station as opti-
mum base station selection information.
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A nonperiodic forward control signal separating unit 2306
separates the forward control signal transmitted by the SBS
on the basis of the request information from the reception
signal received by the mobile station, and outputs the forward
control signal as a nonperiodic forward control signal. A
nonperiodic synchronous information extracting unit 2307
extracts nonperiodic synchronization information from the
nonperiodic forward control signal and outputs the nonperi-
odic synchronization information.

A periodic forward control signal separating unit 2308
separates a forward control signal periodically transmitted by
the SBS from the reception signal received by the mobile
station and outputs the forward control signal as a periodic
forward control signal. A periodic synchronous signal
extracting unit 2309 extracts synchronization information
from the periodic forward control signal and outputs the
synchronization information as periodic synchronization
information.

A reverse data signal generating unit 2311 generates and
outputs a reverse data signal. A reverse pilot signal generating
unit 2312 generates and outputs a reverse pilot signal. A
reverse signal generating unit 2313 generates and outputs the
reverse data signal and the reverse pilot signal as reverse
signals.

When the base station indicated by the optimum base sta-
tion selection information is different from the serving base
station, a transmission timing setting unit 2310 sets a trans-
mission timing on the basis of the nonperiodic synchroniza-
tion information corresponding to the base station indicated
by the optimum base station selection information to syn-
chronize the mobile station with the base station indicated by
the optimum base station selection information. When the
base station indicated by the optimum base station selection
information is the same as the serving base station, a trans-
mission timing is set by using the latest information of the
nonperiodic synchronization information corresponding to
the base station indicated by the optimum base station selec-
tion information and the periodic synchronization informa-
tion to synchronize the mobile station with the serving base
station, and a reverse transmission signal is transmitted. An
antenna is used for both transmission and reception, and may
also be configured to be switchably connected to a transmis-
sion signal and a reception signal.

FIG. 23 is a flow chart showing processes in the first to Mth
mobile stations. A reverse data signal and a reverse pilot
signal are generated and output as reverse transmission sig-
nals (step S901). Forward propagation quality corresponding
to the base station is estimated (step S902). A forward control
signal of an SBS periodically transmitted by a base station
(SBS) which is being connected to the mobile station is
received, and synchronization information is separated and
extracted (step S903). The forward propagation quality is
compared with a threshold value. When the forward propa-
gation quality corresponding to at least one of the base sta-
tions exceeds the threshold value, the control operation shifts
to step S905. When the forward propagation quality does not
exceed the threshold value, the control operation shifts to step
910 (step S904).

Request information representing that all pieces of forward
control information corresponding to the base station the
forward propagation quality of which exceeds the threshold
value are requested from the SBS is transmitted from the
mobile station to the SBS (step S905). A forward control
signal corresponding to the request information is received,
and synchronization information is separated and output (step
S906). On the basis of the forward propagation quality infor-
mation, an optimum base station is selected. Information
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representing the optimum base station is generated as opti-
mum base station selection information (step S907). When
the base station represented by the optimum base station
selection information is different from the SBS, the control
operation shifts to step S909. When the base station repre-
sented by the optimum base station selection information is
the same as the SBS, the control operation shifts to step S910
(step S908). A transmission timing of a reverse transmission
signal is changed to synchronize a base station connected to
the mobile station with a newly selected base station, and the
control operation shifts to step S911 (step S909). The trans-
mission timing of the reverse transmission signal is changed
to synchronize the base station connected to the mobile sta-
tion with the serving base station (step S910). The reverse
signals (reverse data signal and reverse pilot signal) are trans-
mitted (step S911).

The processes in the first to Mth mobile stations will be
further described below by using the processes in the ith
mobile station as an example. It is assumed that the first to
Mth mobile stations perform the same processes.

First, the ith mobile station receives ((i*N)+1)th to ((*N)+
N)th forward control signals and ((i*N)+1)th to ((i*N)+N)th
forward pilot signals from the first to Nth base stations and
separates ((1*N)+1)th to ((*N)+N)th pieces of synchroniza-
tion information from the ((i*N)+1)th to ((i*N)+N)th forward
control signals, respectively.

Next, an ith reverse data signal and an ith reverse pilot
signal are generated as ith reverse transmission signals.

On the basis of the ((i*N)+1)th to ((*N)+N)th forward
pilot signals, propagation qualities of forward links corre-
sponding to the first to Nth base stations are estimated, and
(@*N)+1)th to ((i*N)+N)th pieces of forward propagation
quality information are generated.

The pieces of forward propagation quality information are
compared with a threshold value (D), and request information
is generated and transmitted to the base station the forward
propagation quality information of which exceeds the thresh-
old value (D) such that the forward control signal is transmit-
ted to the ith mobile station.

Then, ((i*N)+j)th (j is a natural number which is N or less)
forward propagation quality information corresponding to
the serving base station, ((i*N)+1)thto ((i*N)+(j—1))th pieces
of forward propagation quality information corresponding to
the non-serving base station, and ((i*N)+(j+1))th to ((*N)+
N)th pieces of forward propagation quality information are
compared with each other, respectively. When any one of the
(@*N)+1)th to ((i*N)+(j—1))th pieces of forward propagation
quality information and the ((*N)+(+1))th to ((i*N)+N)th
pieces of forward propagation quality information exceeds
the ((i*N)+j)th forward propagation quality information, on
the basis of the ((i*N)+s)th synchronization information cor-
responding to an sth (s is a natural number which is N or less
except for j) base station having a maximum one of the
(@*N)+1)th to ((i*N)+(j—1))th pieces of forward propagation
quality information and the ((*N)+(+1))th to ((i*N)+N)th
pieces of forward propagation quality information, transmis-
sion is performed such that a transmission timing of the ith
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reverse transmission signal is changed to synchronize the ith
mobile station with the sth base station. When the ((i*N)+j)th
reverse propagation quality information is equal to or larger
than the ((*N)+1)th to ((i*N)+(j—1))th pieces of reverse
propagation quality information and the ((i*N)+(+1))th to
((1*N)+N)th pieces of reverse propagation quality informa-
tion, on the basis of the ((1*N)+j)th synchronization informa-
tion, transmission is performed such that the transmission
timing of the ith reverse transmission signal is changed to
synchronize the ith mobile station with the jth base station.

In this manner, according to the embodiment, when the
mobile station determines to switch the base stations, the
mobile station can be synchronized with a destination base
station.

What is claimed is:

1. A base station control device in a wireless communica-
tion system including a plurality of base stations, a mobile
station, and the base station control device, the base station
control device configured to:

select a new base station with which the mobile station

communicates, on the basis of control signals received
from the plurality of base stations, each of the control
signals including synchronization information on each
of the plurality of the base stations; and

transmit control information on the new base station, to at

least one of the plurality of base stations.

2. The base station control device according to claim 1,
wherein the base station control device is further configured
to transmit the control information on the new base station to
at least one of a serving base station with which the mobile
station communicates and the new base station.

3. A wireless communication system comprising:

a plurality of base stations;

a mobile station; and

a base station control device configured to receive control

signals from the plurality of base stations, each of the
control signals including synchronization information
on each of the plurality of the base stations,

the base station control device configured to:

select a new base station with which the mobile station

communicates, on the basis of the control signals; and
transmit control information on the new base station, to at
least one of the plurality of base stations.

4. A wireless communication method for a base station
control device in a wireless communication system including
a plurality of base stations, a mobile station, and the base
station control device, the wireless communication method
comprising:

selecting a new base station with which the mobile station

communicates, on the basis of control signals received
from the plurality of base stations, each of the control
signals including synchronization information on each
of the plurality of the base stations; and

transmitting control information on the new base station, to

at least one of the plurality of base stations.
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